In addition to coding region polymorphism, allele-specific variation in the upstream regulatory region of the HLA-DQB1 gene has been detected. Reporter gene assays and transfection studies have indicated that HLA-DQB1 promoter polymorphism may be of functional significance. The aim of this study was to utilize real-time reverse transcriptase-polymerase chain reaction (RT-PCR) for allele-specific quantification of HLA-DQB1 expression and to analyze cell-specific HLA-DQB1 expression in vivo. For the allele-specific quantification of DQB1 gene products, a real-time RT-PCR set of primer pairs (n ¼ 27) and probes (n ¼ 5) targeting exon 2 variability was established. The robustness and integrity of the assay system were confirmed by using recombinant DQB1 exon 2 plasmid clones as active exogenous controls. Sensitivity and reproducibility were assessed by serial dilution and allelic mixing analyses. In application to the study of allele-specific expression of DQB1 gene products during cytokine-driven maturation of monocyte-derived dendritic cells, differential patterns of allelic expression in heterozygous individuals were observed for DQB1*0301, compared to DQB1*0501 and DQB1*0602. At maximum, 1.9-fold (*0301/*0501) and 2.5-fold (*0301/*0602) higher induction was seen for DQB*0301. In conclusion, HLA-DQB1 expression can be analyzed by real-time RT-PCR suitable for cell-and allele-specific detection of HLA-DQB1 transcripts in homo-and heterozygous combinations.
Introduction
HLA class II molecules present antigenic peptides to T lymphocytes and thereby play a central role in antigenspecific regulation of T-cell activation. The expression of these highly polymorphic molecules is subject to developmental, tissue-and isotype-specific regulation occurring mainly on a transcriptional level and involves cisand trans-acting elements (for review, see Wassmuth 1 ). The level of class II expression is influenced by a variety of external stimuli. 2, 3 Moreover, there are isotype-specific differences, which, along with tissue-specific expression, are governed by complex mechanisms involving cis-and trans-acting elements. 4, 5 Structural and functional studies indicate that a proximal promoter region exists, extending up to approx. À250 bp upstream of the transcription start site involving a set of conserved cis-acting elements defined as Y, X1/X2, S, W, J and V boxes in addition to the TATA and CAAT box sequences. However, locusspecific differences with respect to the presence and sequence of these elements exist. Although allelic polymorphism is a key feature of HLA class II genes, it was somewhat surprising to learn that the upstream regulatory regions of these genes also harbor allelic variability. This variability affects the array of highly conserved regulatory sequences consisting of the X, Y and W/Z box elements. For the DQB1 proximal promoter, termed QBP1, 10 different alleles have been identified in previous analyses of approx. 600 bp immediately upstream of the first exon of the DQB1 gene. [6] [7] [8] Functional studies indicated that this allelic polymorphism is associated with differences in both transcriptional activity and affinity for DNA-binding proteins. 6, 9 Also in vivo allele-specific differences could be appreciated. 10 Nevertheless, relative expression levels in HLA-DQB1 heterozygotes seemed to be highly tissue-specific showing cell-type-specific hierarchies of expression levels. 11 Thus, the impact of allelic promoter variability on the production of DQB1 mRNA has yet to defined in detail.
Reverse transcriptase (RT)-polymerase chain reaction (PCR) has been used to quantitate different mRNA species. Previously, different methodological approaches for (semi-) quantitative mRNA analysis have been described. 12, 13 While these methods allow accurate quantification, they are labor-intensive and require excessive post-PCR manipulations. In contrast, real-time quantitative RT-PCR, a recently developed methodology to measure PCR product accumulation during the exponential phase of the PCR reaction using a nonextendible fluorogenic probe (TaqMan technology) 14, 15 is an extremely accurate and less labor-intensive quantitative PCR method.
The aim of this study was to utilize real-time quantitative RT-PCR for the quantification of allelespecific mRNA production at the DQB1 locus. Specifically, a procedure was to be developed to detect individual DQB1 allele mRNAs as a first step to enable allele-specific detection of DQB1 transcripts in different cell types and cell activation states as well as in different homo-and heterozygous combinations. Subsequently, the practical utility and feasibility of this approach were to be used to explore allele-specific expression of DQB1 gene products during cytokine-driven maturation of monocyte-derived dendritic cells (DCs) by studying cell-type-specific expression patterns under dynamic circumstances in primary cells.
Results
Allele-specific quantification of the expression of the DQB1 gene For the allele-specific quantification of DQB1 gene products, a real-time RT-PCR set of primer pairs (n ¼ 27) and fluorogenic probes (n ¼ 5) was designed and optimized ( Figure 1 and Table 1 ). This panel of primer pairs can be used to quantify homo-and heterozygous allelic DQB1 combinations of the most common DQB1 alleles in Caucasoids (DQB1*0501, *05032, *02, *03011, *0302, *0303, *0402, 0602, *0603 and *0604) ( Table 2) . Allele-specific amplification was carried out by targeting exon 2 variability. Thus, mRNA was subjected to DNase treatment upon isolation prior to reverse transcription. PCR amplification was performed as a monoplex PCR. The melting temperatures (T m ) of the primers ranged from 57 to 631C. Probes were designed to have a melting temperature of at least 101C higher than the primer T m , averaging at approximately 701C. The presence of guanidine at the 5 0 end was avoided to prevent quenching of the reporter signal. The amplicon length was kept short to avoid differences in amplification efficiency. Generally, amplicons up to 300 bp amplified efficiently. For each DQB1 allele, different primer concentrations were tested (50/300/ 900 nM) to optimize PCR amplification. Reproducibility of this PCR-based method was examined by intra-and interassay amplification comparisons. The results -10 2 copies. The panel covered DQB1*0201, *0301, *0302, *0304, *0401, *0402, *0501, *0502, *0503, *0601, *0602, *0603, *0604, DQB1 Generic and glyceralaldehyde-3-phosphate dehydrogenase (GAPDH). For all recombinants, a loglinear amplification behavior was seen with a slope ranging between 3 and 4. For normalization, that is, comparison of equal input amounts of cDNA across samples, GAPDH was used as an endogenous reference. ) were used for subsequent copy number calculations per cDNA aliquot used in the PCR. Recombinant standards were included for each target sequence to establish a standard curve. In effect, a linear relationship between the number of cells used and the copy number of GAPDH, total DQB1 (DQB1 Generic) and DQB1*02 cDNA molecules was detected. Considering the number of copies per PCR per cell, little variation was seen over the different cell concentrations. However, it has to be noted that, at high For each detection set, the forward primer (PF), reverse primer (RP) and the fluorogenic probes (probe) are indicated along with the melting temperature (T m ) and the amplicon length in base pairs (bp). Probes are given in italic font. Primer combinations for the quantification of individual homo-and heterozygous allelic DQB1 combinations are given. In cases where more than one possibility exists, the preferred primer combination is given and marked in bold.
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cell number, the copy number was almost doubled compared to lower cell numbers. In addition, the comparison between total DQB1 and DQB1*02 copy numbers indicated a close correlation as expected in this homozygous allele constellation. In addition to the standard measures of intra-and interassay amplifications and the use of target-specific standards as well as an active endogenous reference for normalization, further measures for quality assurance were applied for those primer and probe combinations for allelic quantifications to be employed in subsequent applications of the methodology. Heterozygous samples were spiked with recombinants (10 5 recombinants per PCR reaction) representing a third-party template carrying a different HLA-DQB1 allele to exclude any samplerelated impairment of amplification efficiencies in the presence of additional HLA-DQB1 alleles. This is exemplified in Table 3 using two sample cDNAs DQB1*0501, *0602-and DQB1*0501, *0301-positive spiked with recombinants carrying DQB1*0301 (R0301) and DQB1*0602 (R0602), respectively. The detection of the individual cDNA species including the recombinants was quantitatively stable in all combinations investigated. There was no evidence of amplification impairments due to competition for amplification.
Next, cDNAs from individuals, homozygous for DQB1*0201 and DQB1*0301, were mixed at different ratios, that is, 1 : 8, 1 : 4, 1 : 2, 4 : 1 and 8 : 1. Subsequently, these cDNA mixtures were quantified by real-time RT-PCR. The total number of copies detected was in the range of 364-4563 copies. For comparison, the copy numbers were normalized for identical total input cDNA content. As shown in Figure 3 , the copy number ratios closely corresponded to the input ratios, that is, for 1 : 8 (0.125) 0.10 was observed, for 1 : 4 (0.25) 0.29, for 1 : 2 (1.0) 0.91, for 4 : 1 (4.0) 2.88 and lastly for 8 : 1 (8.0) 6.01 was seen.
CIITA and HLA class II expression during DC maturation For the analysis of DC maturation from monocytic precursors, the expression of CIITA, HLA-DRA, -DRB1 and -DQB1 was first monitored in 14 individuals of whom seven were also evaluated for allelic DQB1 expression profiles. Overall, induction of gene expression was similar for CIITA as key regulator class II expression and the HLA-DR and -DQB1 genes showing a maximum in steady-state levels at day 6 (Table 4 and Figure 4 ).
DQB1 allelic expression profiles during DC maturation
For the study of DQB1 allelic expression during cytokine-driven generation of DCs from monocytic precursors, two HLA heterozygous combinations sharing one HLA-DQB1 allele were selected (HLA-DQB1*0301/*0501 and HLA-DQB1*0301/*0602). To assess the dynamics of expression during DC generation, expression levels were assessed relative to the copy number at day 0 (Table 4 and Figure 5 ). Comparing all three alleles, allelic differences of expression could be appreciated. The strongest induction was seen for DQB1*0301, compared to DQB1*0501 and DQB1*0602 (*0301/*0501: d3 1.6-fold/0.9-fold, d6 5.2-fold/2.2-fold; *0301/*0602: d3 1.9-fold/1.9-fold, d6 6.3-fold/3.0-fold). The peak of expression was observed on day 6 with a subsequent decline upon addition of TNF-a (*0301/ Two heterozygous cDNA samples DQB1*0501, *0602-and DQB1*0501, *0301-positive were spiked with recombinants carrying DQB1*0301 (R0301) and DQB1*0602 (R0602), respectively. For each combination, the copy numbers are given. R0301 and R0602 denote the recombinants carrying DQB1*0301 and DQB1*0602, respectively.
HLA-DQB1 real-time RT-PCR expression analysis B Ferstl et al *0501: d8 1.3-fold/1.1-fold; *0301/*0602: d8 1.1-fold/0.9-fold). The interallelic ratios indicated at maximum a 1.9-fold (*0301/*0501) and 2.5-fold (*0301/*0602) higher induction for DQB*0301 (Table 4 ). In comparison, the expression of CIITA, HLA-DRA and DRB was monitored. Overall, induction of gene expression was similar for the CIITA as key regulator class II expression and the HLA-DR genes.
Discussion
Previous studies investigating the functional relevance of upstream regulatory polymorphism of the HLA-DQB1 gene have highlighted the complexity and the importance of cell type specificity of DQB1 gene expression. 10, 11, 16 In focus on the expression of individual DQB1 alleles in a heterozygous cell line, however, the potential of proximal promoter variability of tissue-specific and inducible DQB1 expression was clearly evident. 10 Moreover, there is the notion of cell-type-specific orders of hierarchy in allelic expression. 11 This has been interpreted to be a consequence of cell-type-specific qualitative and/or quantitative differences in the prevalence and binding of transcription factors required for expression. After having investigated the structural polymorphism in great detail, 7, 8 we were interested in devising an assay suitable to study DQB1 expression in Figure 4 CIITA, HLA-DRA, -DRB1 and -DQB1 expression during cytokine-driven maturation of monocyte-derived DCs. The expression of CIITA, HLA-DRA, -DRB1 and -DQB1 was studied in positive healthy blood donors during cytokine-driven DC maturation from monocytic precursors. DC maturation was induced in the presence of rGM-CSF (1000 U/ml) and rIL-4 (500 U/ml) for 6 days followed by culture in the presence of rTNF-a (1000 U/ml) until day 8. For each gene, the mean relative steady-state expression levels comparing days 3, 6 and 8 with day 0 are given. The data are detailed in Table 4a . Figure 5 HLA-DQB1 allelic expression during cytokine-driven maturation of monocyte-derived DCs. The allele-specific expression of DQB1*0301, DQB1*0501 and DQB1*0602 was studied in four HLA-DQB1*0301/*0501-positive and three HLA-DQB1*0301/*0602-positive healthy blood donors during cytokine-driven DC maturation from monocytic precursors. DC maturation was induced in the presence of rGM-CSF (1000 U/ml) and rIL-4 (500 U/ml) for 6 days followed by culture in the presence of rTNF-a (1000 U/ml) until day 8. For each allele, the mean relative steady-state expression levels comparing days 3, 6 and 8 with day 0 are given. For the analysis of heterozygous individuals, the combination of HLA-DQB1*0301/ *0501 is indicated by a solid line, while HLA-DQB1*0301/*0602 heterozygotes are indicated by a dashed line. The data are detailed in Table 4b and c.
HLA-DQB1 real-time RT-PCR expression analysis
For this purpose, we have developed an allele-specific quantitative assay based on the TaqMant principle and the use of the threshold cycle determination for quantification. This DQB1 allelic quantification assay was based on the sequence variability of DQB1 in exon 2. Owing to the distribution of known discriminatory polymorphic positions for primer and probe design, exon-spanning sequences could not be targeted, thus requiring DNase treatment restricting the PCR template to mRNA-derived template DNA. The absence of contaminating genomic DNA was assured by including RNA samples that were processed without moloney murine leukemia virus (MMLV) reverse transcriptase. In addition to standard intra-and interassay comparisons to allow reproducible standardization and quantification, a panel of recombinant plasmid clones containing the DQB1 exon 2 target sequences was established and employed as active exogenous controls and added as third-party HLA-DQB1 allele of known quantity to test for assay efficiency and discriminatory capacity. In application of this panel, we were able to show linearity of amplification efficiency over a range above 6 log units. Sensitivity and specificity were found to correspond to real-time RT-PCR-based quantification system targeting other genes. 15 The discriminatory capacity and reliability were further investigated in selected samples and allelic combinations by mixing and dilution experiments. As illustrated in Figures 2 and 3 , these experiments indicate the reliability of quantification at low copy number and the stability of detection over a broad range of template concentration. Thus, the real-time RT-PCR approach has distinct advantages (simplicity, sensitivity and standardization) over a semiquantitative end-point RT-PCR-RFLP approach, previously developed and used to quantify HLA-DQB1 gene expression in heterozygous cell lines. 17 The intriguing challenge of gene expression analysis is the translation of signal intensities into number of copies of mRNA molecules within cells. The accuracy of this undertaking depends on the precision of measurement and correctness of the methodological approach. While the first task can be accomplished by careful design and quality control of the assay, the latter aspect is more difficult to address and relates to issues of systematic and in part assay-intrinsic inconsistencies. Variables include the number of cells in a given sample, the efficiency of mRNA isolation and transcription next to the PCR amplification and real-time measurement of signal intensities. In order to reduce sample-and assaydependent variability in the gene expression analysis, we have successfully introduced several measures of normalization and quality control to improve precision and correctness. In summary, sample-related problems can be minimized by recounting the number of cells and can be controlled for by adding active exogenous controls, in our case recombinant plasmid DNA. Sensitivity issues and questions of amplification impairment can be addressed by mixing studies to mimic all desired heterozygous combinations possible for such a multiallelic gene of interest. Moreover, this approach can be aided by the use of a clonal standard library as shown herein. In order to calculate adequately the absolute number of copies per cell, calculations of concentration and yield of RNA and cDNA are necessary and have to supplement the measures taken here to establish and quality control the DQB1 allelic RT-PCR system.
In application of the DQB1 expression real-time RT-PCR assay, we focused on the question of DQB1 induction upon stimulation in a defined population of primary cells. For this purpose, we determined the rate of induction by comparing different time points using the comparative DDC T approach. For the DDC T calculation to be valid, the efficiency of the target amplification and the efficiency of the reference amplification must be approximately equal. This in fact was the case for DQB1 and GAPDH as exemplified in the dilution analysis of Raji cells (Figure 2) . Despite the general drawbacks of the housekeeping gene approach, the use of GAPDH normalization for the analysis of a defined cell type analyzed in rather comparable states as performed for monocytes and DC maturation in this study is justified. 18 In our recent analysis, targeting HLA-DQA1 gene expression by real-time RT-PCR 19 we noticed that, although only a limited number of heterozygous combinations could be analyzed, no DQA1 allele hierarchy for the expression of particular HLA-DQA1 allelic groups was seen when different heterozygous combinations were compared using unseparated peripheral blood lymphocytes. Nevertheless, a consistency in the expression patterns was observed. Thus, instead of monitoring baseline or steady-state expression levels in a set of HLA-DQB1 diverse individuals, we selected dynamic conditions of HLA-DQB1 expression to explore the utility of this approach and lay the grounds for the investigation of allelic variability in promoter strength. Moreover, by concentrating on monocyte-derived DCs, the analysis was restricted to selected cell types playing a central role in antigen presentation.
Maturation of DCs from monocytic precursors is accompanied by the upregulation of HLA class II molecules on the cell surface. 20 Inflammatory stimuli induce a rapid and transient boost of class II synthesis along with an increase in half-life of the molecules. 21 MHC class gene expression patterns are largely dictated by the expression of class II transactivator (CIITA). [22] [23] [24] The final DC maturation is marked by a shift in function from antigen uptake to antigen presentation. This change is accompanied by downregulation of class II gene expression and mediated by silencing of CIITA expression. 23 Surveying DC development from monocytic precursors, our key results indicate that all four genes showed an initial increase during DC immaturity followed by downregulation upon inflammatory stimulus. In line with previous observations, this effect was most marked for CIITA, consistent with the pivotal regulatory role of CIITA. 23 Thus, in addition to regulation of production, turnover and accumulation of antigenloaded MHC class II complexes, the expression of MHC genes and CIITA is subject to developmental effects in DC maturation. HLA class II expression requires coordinate binding of transcription factors to the W-X-Y box region of the proximal promoter. Within this region, allelic differences exist for DQB1 (Table 5) . 25 The deletion of the TG dinucleotide in motif X-A compared to X-B and X-C leads to the disruption of the palindrome 5 0 -TGTCNNNNNNNNGACA-3 0 . While this TG-dependent area of dyad symmetry and its functional significance have previously been recognized, 10 ,25 a second palindro-HLA-DQB1 real-time RT-PCR expression analysis B Ferstl et al mic sequence is generated by a C to T (À172) and G to T (À161) base exchange. This palindrome 5 0 -CCTANNNNNNNNNTAGG-3 0 is uniquely seen in the X-B motif. Functionally, this DNA sequence could serve as a binding site for dimerizing transcription factors, for example, members of the leucine zipper family. Targeting allele-specific differences in the two heterozygous combinations of DQB1*0301-positive individuals, DQB1*0301 was always induced more strongly in both heterozygous combinations (DQB1*0301/*0501 and DQB1*0301/*0602) across all individuals studied. The induced levels of expression were higher for DQB1*0602 vs DQB1*0501, although both share the same type of X box sequence. Concurrently, however, the levels of the second allele, that is, DQB1*0301 in both cases, was also elevated leading to comparatively smaller differences in interallelic ratios (DQB1*0301/DQB1*0501 vs DQB1*0301/ DQB1*0602: 1.88 vs 1.34 (d3) and 1.88 vs 2.47 (d6)). Thus, for the comparison between different individuals and allelic combinations, further normalization of the data has to be carried out or, as shown herein, expression ratios between alleles rather than relative induction levels should be considered. In this case, similar interallelic ratios for identical allelic combinations or identical X-box-pattern-grouped combinations would argue for a role of the X box patterns. Overall, these in vivo data strongly support the notion of a differential expression potential and are in line with the observation of two-to threefold differences in transcription strength in a DQB1*0201/*0401 heterozygous melanoma cell line. 10 Moreover, the comparatively stronger IFN-gmediated induction DQB1*0301 over DQB1*0302 measured by conventional RT-PCR in primary human skin fibroblast is in agreement with the at maximum 5.2-fold (*0301/*0501) and 7.3-fold (*0301/*0602) higher steadystate levels for DQB*0301. 25 Nevertheless, the hierarchy of relative expression is subject to cell type specificity.
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Although DQB1*0301 belongs to the X-A and DQB1*0501 and *0602 belong to X-C type of X box variability (Table 5) , the role of these allelic differences of relative expression strength requires further extensive analysis of different heterozygous combinations. However, it appears that cell type specificity and dynamics of expression patters markedly influence the extent and hierarchy of allelic expression of the DQB1 gene. Lastly, posttranscriptional mechanisms affecting, for example, mRNA stability have also to be taken into account since the real-time RT-PCR approach reflects steady-state levels. Even though cytokine-driven DC maturation was chosen as being an example of dynamic changes in cell-type-specific HLA class II expression in primary cells, substantial differences could be observed between individuals, even when showing the same HLA-DQB1 allelic make-up. Possibly, this rather results from individual differences in DC maturation in general or from cell phenotype differences of the maturing cell population as these cells are not entirely synchronized in their maturation from monocytes to DC than methodological aspects of DQB1 real-time RT-PCR expression analysis. Thus, our attention is currently focused on standardizing this cellular component prior to in-depth evaluation of allelic DQB1 expression during DC maturation.
Next to the possibility to quantify DQB1 mRNA, this approach can be utilized to assess qualitatively HLA class II polymorphism by targeting DNA, thereby alleviating the need for mRNA extraction and taking advantage of the time-saving real-time detection of PCR products (HLA fluorotyping). 26, 27 Since HLA-DQB1 exon 2 was targeted for the study of DQB1 mRNA expression herein, this primer/probe system can be used also to analyze qualitatively HLA-DQB1 polymorphism at the DNA level.
In addition to the study of HLA class II expression in health and disease, monitoring of microchimerism in transplantation can be accomplished by targeting HLA differences between donor and recipient as previously shown. 28 Quantification by real-time RT-PCR may refine this approach as exemplified earlier by simulating a situation of donor-derived DQB1*02 DNA in a DQB1*0602 homozygous recipient 29 and established for a broad range of DQB1 alleles as shown herein. Lastly, libraries of recombinant plasmids carrying DQB1 exon 2 target sequences as shown in this study may serve as internal positive controls in addition to their function as active exogenous quantification standards.
Promoter variability may in addition to isotypic diversity, allelic polymorphism and a-to b-transcomplementation contribute to the polymorphism of these heterodimeric molecules. Allelic variability in regulatory regions of the DQA1 and DQB1 genes may affect the overall stoichiometry of the a-b heterodimer by allelespecific differences in the rate of expression of individual DQB1 and or DQA1 alleles. Alterations in the composition of the functionally active heterodimer mediated by the differential expression of individual a and b chains may give rise to qualitative differences in the ability of the a-b heterodimer to bind and present peptides. Moreover, as changes in the concentration of specific MHC-peptide complexes were shown to induce differentially either TH1-or TH2-cytokine secretion patterns, 30, 31 it is tempting to speculate that 
Based on sequence variability in the X box region (position À188 to À152), three different sequence motifs can be distinguished (X-A, X-B and X-C). Identical bases are marked by a dash; the region of the X1 box is underlined; the region corresponding to the X2 box is given in italics.
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promoter-dependent differences in the expression of a specific DQ heterodimer may contribute to the individual's ability to resist pathogens, a major evolutionary force. Thus, the availability of real-time RT-PCR-based quantitative methods for DQA1 expression as recently described 19 and for DQB1 expression as detailed herein will provide a useful tool to explore the role of steadystate and dynamic expression of particular DQA1/DQB1 heterozygous combinations. In addition, this real-time RT-PCR approach can be utilized for HLA genotyping and to investigate chimerism in allogeneic stem cell and solid organ transplantation.
Materials and methods
Cell culture and propagation Cell lines (Raji, Jurkat) were cultured in RPMI 1640 supplemented with 10% heat-inactivated FCS (Biowhittaker, Verviers, Belgium), 2 mM L-glutamine, 15 mM HEPES, 100 mg/ml penicillin and 100 mg/ml streptomycin.
Peripheral blood mononuclear cells (PBMCs) were obtained from normal HLA-DQB1 genotyped healthy donors (NHD by Ficoll-Paque (Histoprep, BAG, Lich, Germany). For purification of monocytes, PBMCs were resuspended in PBS/2% FCS and subsequently incubated with anti-CD14 microbeads for 10 min at 41C. CD14 þ cells were positively selected using the magnetic cell separator (MACS) technique (Miltenyi, BergischGladbach, Germany).
Generation of monocyte-derived DCs
Cytokine-driven generation of monocyte-derived DC was adapted from previous reports 32, 33 and carried out as described recently. 34 used for the analysis of HLA-DQB1 expression in cytokine-driven DC maturation.
RNA extraction and cDNA synthesis Total RNA was isolated using an RNA extraction kit (Qiagen Rneasy mini-kit) from a defined number of isolated cells after recounting. Isolated RNA was used immediately or was frozen at À801C until further use. After isolation, RNA was treated with DNase (Qiagen, RNase free DNase Set). Target RNA (1-5 mg) was reverse transcribed in a total volume of 40 ml using 200 U MMLV reverse transcriptase (Promega Corp., Madison, WI, USA) at 421C for 50 min in the presence of 8 ml 5 Â MMLV-RT buffer, 10 mM dNTPs, 40 U Rnasin (Promega) and 15 mM random hexamer (Promega). For every reaction set, one RNA sample was processed without MMLV reverse transcriptase to serve as a negative control in subsequent PCR reactions, thus allowing to assess the efficiency of DNase treatment.
Primers and probes
Primers and probes were designed using Primer Express software (Applied Biosystems, Foster City, CA, USA) and obtained from Eurogentec (Seraing, Belgium). The fluorogenic probes are labeled with a reporter dye (FAM) at the 5 0 end and a quencher dye (TAMRA) at the 3 0 end. Extension from the 3 0 end was blocked by attachment of a 3 0 phosphate group. Fluorogenic probes were HPLC purified after synthesis. All primers and probes are summarized in Table 1 . Sequence information for primers and probes for the quantification of CIITA, DRA and DRB were in part taken from the literature and processed using Primer Express software. 19, 22, 35 HLA genotyping HLA-DQB1 high-resolution genotyping was performed by nonradioactive oligonucleotide hybridization of enzymatically amplified DNA. HLA-DQB1 alleles were identified as described in the literature. 36 Cloning and sequence analysis of DQB1 alleles and cDNA standards For PCR amplification of the second exon of DQB1, DB130 (5 0 -AGG GAT CCC CGC AGA GGA TTT CGT GTA CC-3 0 ) and GH29 (5 0 -GAG CTG CAG GTA GTT GTG TCT GCA CAC-3 0 ) were used. 36 The PCR products were cloned into pGEM-T Vector (Promega, Heidelberg, Germany) prior to transformation into XL1 Blue. The generated recombinants were screened by PCR-SSO according to the DQB1 typing protocol. The presence of the particular allele in clones selected for the reference panel was confirmed by direct DNA sequencing (ABI Prism 310, Applied Biosystems, Foster City, CA, USA).
The GAPDH cDNA standard was obtained after PCR amplification (5 0 -GCCATCAATGACCCCTTCATT-3 0 (sense), 5-TTGACGGTGCCATGGAATTT-3 0 (antisense)) and subsequent cloning of the purified amplicon into a pCR II-TOPOMAP (Invitrogen, Carlsbad, CA, USA). Recombinants were transformed into TOP 10F 0 (Invitrogen). The sequence of the selected recombinant was confirmed by direct DNA sequencing (ABI Prism 310, Applied Biosystems).
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Real-time RT-PCR amplification Real-time RT-PCR amplification was performed on an ABI prism 5700 sequence detector (Applied Biosystems). PCR amplifications were carried in a total volume of 25 ml, containing 12.5 ml TaqMan Universal PCR Master Mix (Applied Biosystems), 300 nM of each primer and 200 nM of the TaqMan probe. The PCR consumables and cDNA were always prepared as a mixture and then distributed to each well. Each PCR amplification was performed in triplicate wells using the following temperature and cycling profile: 2 min at 501C and 10 min at 941C, followed by a total of 40 two temperature cycles (15 s at 941C and 1 min at 601C). The measurement from cycle 3 until 15 was considered baseline. C t (threshold cycle) values were calculated by determining the point at which the fluorescence exceeds a threshold limit, that is, exceeding 10 times the standard deviation of the baseline. Standard curves with known concentrations of template copy numbers were used to determine starting copy numbers of the unknown samples. The variations of input cDNA amounts and efficiency of reverse transcription were normalized against GAPDH expression. The induction rates were determined by the comparative DDC T approach and expressed as 2 ÀDDC T . Reproducibility of this PCR-based method was examined by intra-(triplicates or quadruplicates) and interassay (at least duplicate) amplification. The PCR consumables and cDNA were always prepared as a mixture and then distributed to each well. To exclude PCR amplification of contaminating genomic DNA, a sample from every RNA extraction without being reverse transcribed (RT À controls) was included as a negative control in the PCR reaction. Finally, gel electrophoresis was performed to confirm the correct size of the amplicons and the absence of unspecific bands.
